HDI LAND GRID ARRAY PACKAGED DEVICE 
HAVING ELECTRICAL AND OPTICAL INTERCONNECTS 



Qoao i J field OF THE INVENTION 



The present invention relates to the field of packaged integrated circuit devices. 
More specifically, the present invention relates to a high density interconnect land grid 
array package (HD1P) having electrical and optical interconnects. 



L°*°T-1 BRIEF DESCRIPTION OF THE DRAWINGS 



Ssssl 



*-3& 
jus 



I 5 S 



81 



The novel features believed characteristic of the invention are set forth in the 
appended claims. The invention itself, however, as well as other features and 
advantages thereof, will be best understood by reference to the detailed description, read 
in conjunction with the accompanying drawings, wherein: 
E^jewij Figure 1 is a side view of a semiconductor device attached and wire bonded to a 

surface of a printed wiring board. 
[J&o^J Figure 2 is a side view of a semiconductor device attached to the surface of a 

printed wiring board. A Tape Automated Bonded (TAB) package electrically connects the 
semiconductor device to the printed wiring board. 
i,oce>^2 Figure 3 is a side view of a semiconductor device mechanically and electrically 

attached to a printed wiring board via a flip TAB package. 
C £>oo&2 Figure 4 is a side view of a semiconductor device attached to a Ball Grid Array 

interconnect scheme to reduce the footprint of the semiconductor device's package. 
Lo 0Q>"i2 Figure 5 is another side view of a semiconductor device attached to a Bail Grid 

Array interconnect scheme to reduce the footprint of the semiconductor device's package. 
Figure 6 is a bottom view of the device of Figure 4 or Rgure 5. 



TI-17462 Pagel 



Cooo^J Figure 7 is a side view of an HDI land grid array package device according to one 

embodiment of the invention. Figure 7 shows the packaged device attached to a printed 
wiring board. 

Looto'j Figures 8-22 are successive process steps for a method of making a device 

according to one embodiment of the invention. 
Co©(Q Figure 23 is a side view of a completed device constructed according to an 

embodiment of the invention. 
U>ptz2 Figure 24 is a side view of a completed device constructed according to an 

embodiment of the invention, including an approximate location of the semiconductor 

device with the substrate or packaging material. 
£oo \%2 Figure 25 is an enhanced view, in section, of the circular area defined by the 

reference arrows 1-1 and 2-2 in Figure 22. 
L^oi4"] Figure 26 is a bottom view of a device according to an embodiment of the 

f 3 invention. 
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t*. J Figure 27 is a side view of a device according to another embodiment of the 

- r' 

E 7, S 

jj invention. 

m -» Figure 28 is a side view of a device according to yet another embodiment of the 

m invention. 

C#> t~\] Figure 29 is a side view of a device according to still yet another embodiment of 

u the invention. 

q Figure 30 is a side view of a device according to yet still another embodiment of 

|SS the invention. 

Lo<? rs] Figure 31 is a side view of a device according to still another embodiment of the 

invention. 

Figure 32 is an elevational view of a pair of mated and aligned HDI packages. 
Co oz.q Figure 33 is an elevational view of two optically aligned yet physically separate HDI 

packages. 

C 002.23 Figure 34 is a side view of yet another embodiment of the invention. 
C 00 ii] Figure 35 is a side view of still yet another embodiment of the invention. 
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BACKGROUND OF THE INVENTION 



The electronics industry is constantly demanding improved packaging for 
semiconductor devices. The demand is for packaging of reduced size and packaging that 
optimizes the operational speed of semiconductor devices. As the speed of 
semiconductor devices continues to increase, especially into the Ghz range, there will be 
an ever increasing demand for packaged devices that can accommodate both electrical 
and opticai signals. 

One requirement of desired packaging is that it must manage thermal requirements 
that are driven by the heat generated by the semiconductor devices. Another 
requirement of desired packaging is adaptability to the constant reduction in the size of 
the semiconductor device and the final electronic system of which the packages are a 
part. As a result, packages must optimize heat dissipation while displacing minimal 
volume when assembled into an electronic system. 

Yet another requirement for the opticai interconnection between a semiconductor 
device having an opticai detector and/or transmitter and an optical waveguide on a printed 
wiring board (PWB) or another packaged semiconductor device is that the connection 
shouid not require an additional connector (such as another opticai waveguide) and the 
alignment process should be relatively simple. 

An additional requirement is that packaging design and material selection should 
support the reduction of assembly process defects and not require new assembly capital 
and tooling. 

One method of reducing the physical area required by packaged devices is shown 
in Figure 1 . An unpackaged semiconductor device is attached, and wire bonded, directly 
to the printed wiring board (PWB). A protective overcoat of glue or epoxy (not shown) 
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is then formed over the semiconductor device, wire bonds and the corresponding portion 
of the surface of the printed wiring board. 

The advantage of this method is the reduction in physical area required by the 
unpackaged semiconductor device, as compared with a packaged device. One 
disadvantage is that the wire bonds are long and unsupported and susceptible to bending, 
breaking or shorting throughout the fabrication process. Another disadvantage is that the 
majority of the heat generated by the integrated circuit during normal operation must be 
dissipated through the printed wiring board. Since most glues or epoxies are poor 
conductors, heat transfer is inhibited if the printed wiring board design does not have 
special thermal management features. Yet another disadvantage is that this technique 
is only applicable to semiconductor devices with relatively few bond pads, due to device 
and assembly yield and the limited PWB design feature sizes. 

Still another disadvantage is that any optical interconnection between the 
semiconductor device and the printed wiring board (PWB) would require additional 
interconnecting optical waveguides between the top of the semiconductor device and the 
PWB. Each optical waveguide would have to be individually aligned. These optical 
waveguides would also be unsupported prior to a glue or epoxy overcoat being applied, 
allowing the possibility of the optical waveguides being broken, kinked or twisted. 

Another method of reducing the physical area required by packaged devices is 
shown in Figure 2. A tape automated bonded (TAB) packaged semiconductor device is 
attached directly to the printed wiring board (PWB). A TAB package is used in place of 
wire bonds to electrically connect the semiconductor die to the printed wiring board. A 
protective overcoat of a polymer or a plastic lid (not shown) is then formed over the 
semiconductor device, TAB package and the corresponding portion of the surface of the 
printed wiring board. As with the device of Figure 1, an advantage of this method is the 
reduction in physical volume required by the unpackaged semiconductor device, as 
compared with a conventional lead frame packaged device. Advantages of using TAB 
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over wire bonds include superior electrical performance, more physical stability and less 
lead breaking or shorting. 

A disadvantage of the device of Figure 2 is that the tabs are long and remain 
susceptible to bending, breaking and occasional shorting throughout the fabrication 
process. Another disadvantage, as previously discussed for the device of Rgure 1 , is that 
the majority of the heat generated by the integrated circuit during normal operation must 
be dissipated through the printed wiring board. Yet another disadvantage is that any 
optical interconnection between the semiconductor device and the printed wiring board 
(PWB) would require additional interconnecting optical waveguides between the top of the 
semiconductor device and the PWB. Each optical waveguide would have to be 
individually aligned. These optical waveguides would also, have to withstand handling 
during assembly, which presents the possibility of the optical waveguides being broken, 
kinked or twisted. 

Still another method of reducing the physical area required by packaged devices 
is shown in Figure 3. This method is similar to that described above and shown in Figure 
2, except that the semiconductor device is face down verses face up. By the device 
being face down, the TAB leads are shorter and typically do not fan out from the center 
of the device to a large radius. This shortened package lead length will allow improved 
electrical signal characteristics. This reduced lead length requires the center to center 
spacing of each lead to adjacent lead to be small. So, the assembly of the package is 
significantly complicated. AH TAB packages require non-conventionai assembly 
equipment, but flip TAB requires further development of this equipment if cost effective 
assembly is to occur. Heat transfer may be achieved via a heat sink assembled to the 
TAB package and enhanced with thermal grease. The thermal grease is applied at the 
interface between the TAB package and the heat sink. 



TI-17462 Page 5 



The device in Figure 3 is facing down which allows the optical signal in the wave 
guide on the PWB to address the device directly. But, the assembly process for flip TAB 
is not sufficiently consistent to assure alignment of the device to the wave guide. 

The physical area required for a packaged semiconductor device also includes the 
"footprint" (area) required to accommodate the pins of a packaged device. A packaged 
device having a larger number of pins typically requires a larger footprint Recent trends 
suggest that functions once accomplished through many devices are being consolidated 
into fewer and fewer devices, resulting in more compiex semiconductor devices having 
more pins and corresponding larger footprints. These complex semiconductor devices 
can be connected to the printed wiring board (PWB) as shown in Figures 1 -3, but such 
connection schemes do not fully address the problems of heat dissipation or achieving 
the desired reduction of PWB surface area. 

A method that reduces a semiconductor device's foot print is shown in Figure 4. 
A semiconductor device is attached to the top surface of a substrate (small printed circuit 
board). The semiconductor device is wire bonded to bond pads (not shown) on the top 
surface of the substrate. Mold compound is then formed over the semiconductor device, 
wire bonds and corresponding top surface of the substrate. The bond pads on the top 
surface of the substrate are electrically connected to larger bond pads on the bottom 
surface of the substrate via internal circuitry and plated through hoies in the substrate. 
There are multiple rows or an array of bond pads along the bottom surface of the 
substrate (not shown) which reduces the area of the device's footprint. Typically, there 
are no electrically functional bond pads within the area of the bottom surface opposite the 
perimeter of the semiconductor device to utilize this area for heat dissipation (not shown). 
Each lower bond pad then receives a solder ball. The completed device is then 
positioned and aligned over corresponding bond pads on a printed- wiring board (not 
shown), after which infrared, vapor phase or convection reflow is used mechanically and 
electrically connect the substrate to the printed wiring board (not shown). 
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A reduction in foot print size and the ability to utilize existing assembly equipment 
are the main advantages of the device of Figure 4. The disadvantages of the device 
inciude inadequate heat dissipation and the thick substrate. Heat dissipation is a problem 
resulting from two factors. The first is that the moid compound is a poor conductor of 
heat. Thus, much of the heat generated by the semiconductor device must exit through 
the substrate (small printed circuit board). Most substrates are not designed to be good 
heat sinks. The heat must spread throughout the substrate. If the substrate is a poor 
heat conductor, metal slugs or thermal vias must be inserted in the substrate to assist in 
the heat dissipation. If metal slugs or thermal vias are used, they are typically placed in 
areas of the substrate directly below the semiconductor device which reduces the number 
of solder ball connections available for electrical functions. Another disadvantage of the 
device is the length of the internal circuitry in the substrate. This additional length seems 
to have a limiting affect on the speed at which the device can operate. 

Stiil another disadvantage of the device of Figure 4 is that any optical 
interconnection between the semiconductor device and the printed wiring board (PWB) 
would require additional interconnecting optical waveguides between the top of the 
semiconductor device and the substrate and additional optical interconnecting means 
between the optical wave guides and the printed wiring board (PWB). Each optical 
waveguide would have to be individually aligned with the semiconductor device in the 
substrate. Each optical means would have to be individually aligned with the optical 
waveguides and the printed wiring board (PWB). In addition to the complexities of the 
alignment requirements, the optical waveguides would also be have to withstand handling 
during assembly, which allows the possibility of the optical waveguides being broken, 
kinked or twisted. Assuming a successful assembly, the optical signal would then have 
to be transmitted through the mold compound. This package's mold compound will have 
to be transparent to the optical signal and be thin to minimize energy loss. The optical 
transmission and minimal thickness of this package will be less than. desirable. 
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Another method that reduces a semiconductor device's foot print not requiring 
optical interconnection is shown in Figure 5. A semiconductor device has solder balls 
attached to its bond pads. The semiconductor device is inverted and positioned opposite 
corresponding bond pads on the top surface of a substrate (small printed circuit board). 
Heat is applied to the semiconductor device and substrate until the solder melts, 
electrically and mechanically connecting the semiconductor die to the substrate. Thermal 
grease is then deposited over the semiconductor device after which a lid is placed over 
the thermal grease, semiconductor die and corresponding areas of the top surface of the 
substrate. As with the device of Rgure 4, the bond pads on the top surface of the 
substrate are plated through to larger bond pads on the bottom surface of the substrate. 
There are multiple rows or an array of lower bond pads along the bottom surface of the 
substrate (not shown) which reduces the area of the device's footprint as compared to 
devices with the traditional tabs or lead frames. 

Typically, there are no electrically functional bond pads within the area of the 
bottom surface opposite the perimeter of the semiconductor device since this area is used 
for heat dissipation (not shown). Each lower bond pad then receives a solder ball. The 
completed device is then positioned and aligned over corresponding bond pads on a 
printed wiring board (not shown), and heat is applied to melt the solder to mechanically 
and electrically connect the substrate to the printed wiring board (not shown). 

A reduction in foot print size is also the main advantage of the device of Figure 5. 
The disadvantages of the device include inadequate heat dissipation, the thick substrate 
and the use of a potentially system contaminating grease. Heat dissipation is a problem 
resulting from two factors. The first is that thermal grease and the lid are not ideal 
conductors of heat. Thus, a portion of the heat generated by the semiconductor device 
must exit through the substrate. Most substrates are not designed to be good heat sinks. 
The heat must spread throughout the substrate. If the substrate is a poor heat conductor, 
metal slugs must be inserted in the substrate to assist in the heat dissipation. If metal 
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slugs are used, they are typically placed in areas of the substrate directly opposite the 
semiconductor device, thus reducing the number of available connections for the electrical 
signal. Another disadvantage of the device is the length of the internal circuits in the 
substrate. This additional length seems to have a limiting affect on the speed at which 
the device can operate. The technology depicted in Figure 5 also requires the 
semiconductor device to have array bond pads rather than conventional perimeter pads. 
This significantly limits the number of semiconductor devices available to be packaged 
with this technique. 

Still another disadvantage is that any optical interconnection between the 
semiconductor device and the printed wiring board (PWB) would require additional 
interconnecting optical waveguides between the top of the semiconductor device and the 
substrate and additional optical interconnecting means between the optical wave guides 
and the printed wiring board (PWB). Each optical waveguide would have to be 
individually aligned with the semiconductor device in the substrate. Each optical means 
would have to be individually aligned with the optical waveguides and the printed wiring 
board (PWB). In addition to the complexities of the alignment requirements, the optical 
waveguides would also be have to withstand handling during assembly, which allows the 
possibility of the optical waveguides being broken, kinked or twisted. Assuming a 
successful assembly, the optical signal would then have to be transmitted through the 
mold compound. This package's mold compound will have to be transparent to the 
optical signal and be thin to minimize energy loss. The optical transmission and minimal 
thickness of this package will be less than desirable. 

Figure 6 shows one example of a bottom view of the substrate of the devices of 
Figures 4 and 5. The solder bails are formed in rows as previously discussed. Even if 
there are solder balls within the area opposite the perimeter of the semiconductor device, 
they typically are not electrically functional. 



TM7462 Page 9 



The devices of Figures 1 -3 address the industry requirement of reducing packaging 
size. But none of the devices adequately addresses the heat dissipation problem or the 
problem of reducing the foot print of increasingly larger and complex semiconductor 
devices, or the problems of optically interconnecting a semiconductor device to a printed 
wiring board or to another semiconductor device. The devices of Figures 4-5 address the 
industry requirement of reducing the foot print of a semiconductor device over traditional 
foot prints, but they do not adequately address heat dissipation problems, high frequency 
electrical performance or the problems of optically interconnecting a semiconductor device 
to a printed wiring board or to another semiconductor device. In addition, the physical 
size limitations of the substrates required by the devices of Figures 4-5, hinders further 
reduction of the overall packaged device size. For example, for the package in Figure 
4 to be designed with the solder bails on an array pitch below 1.5 mm, the substrates 
plated through holes diameter and circuit width will have to be reduced. This reduction 
of substrate feature sizes will reduce its manufacturabiiity. 

Thus, there remains a need for a packaging technique that provides a very thin, 
electrically and thermally high performance package for single or multiple semiconductor 
devices that also facilitates optical interconnection between a semiconductor device and 
a printed wiring board or another packaged semiconductor device. 

SUMMARY OF THE INVENTION 

The present invention disclosed herein comprises a high density interconnect land 
grid array package that combines various electronic packaging techniques in a unique 
way to create a very thin, electrically and thermally high performance package for single 
or multiple semiconductor devices that also facilitates optical interconnection between a 
semiconductor device and an optical wave guide, another semiconductor device, or any 
source of an optical signal. 
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In one embodiment of the invention, a thin and mechanically stable substrate or 
packaging material is selected that also has high thermal conductivity. Cavities in the 
substrate or packaging material accommodate one or more semiconductor devices that 
are attached directly to the substrate or packaging material. At least one of the one or 
more semiconductor devices will also have optical receivers and/or transmitters. A thin 
film overlay, having multiple layers, interconnects the one or more semiconductor devices 
to an array of pads on the surface of the thin film overlay facing away from the substrate 
or packaging material. Solder balls, conductive adhesive or eiastomeric connectors are 
attached to the pads to provide electrical and mechanical attachment means to other 
system hardware. The optical receivers and/or transmitters do not require any additional 
physical connection. The light signals exchanged between the optical receivers and/or 
transmitters and the optical receivers and/or transmitters on a printed wiring board or 
another package semiconductor device should be able to penetrate the thin film overlay 
as long as the electrical conductors of the thin film overlay are not located between the 
respective receivers/transmitters. An alternate embodiment of the invention provides that 
a laser beam or other suitable means be used to bore a hole through the surface of the 
thin fiim overlay to the receivers and/or transmitters. Optical quality material may be used 
to back fill the hole. 

» 

A high density interconnect land grid array package (HD1P) is smaller, thinner, 
electrically faster, with higher heat dissipation characteristics than traditional packaged 
devices. The HDIP is smaller because the thin fiim overlay and the land grid array allow 
the package to have a smaller foot print as compared to existing packaged devices. 
Present HDIP technology allows for the use of semiconductor devices with peripheral 
either bond pads down to a 50 micron center to center pitch or bond pads that are in an 
array format on the device. 

The HDIP is thinner than existing packaged devices because one or more 
semiconductor devices are placed in cavities in a substrate or packaging material that is 
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thin, mechanically stable and having high thermal conductivity. The HDIP is faster 
because the distance of the electrical path between the semiconductor device or devices 
and the solder balls or other conductive means is shorter than the distances of the 
electrical paths of existing devices. The land grid array device has higher heat dissipation 
characteristics than existing devices because the device is directly attached to the 
package's external material. Thus, the number of layers of material and total thickness 
of packaging that the heat must travel from a semiconductor device to the air is 
minimized, in addition, a heat sink may be added to the substrate or packaging material 
to increase heat dissipation. 

The HDIP is also an efficient method of interconnecting an optical transmitter 
and/or receiver in a packaged semiconductor device to similar optical means on a printed 
wiring board or another packaged semiconductor device. No additional optical means are 
required for interconnection. In addition, the land grid array device is easy to align since 
the solder bails, bumps or electrical pads may be used to align the package. 

High density interconnect land grid array package technology, according to the 
invention, is adaptable to a wide range of electronic packaging applications. The 
elimination of wire bonds or TAB attachment solder joints should result in higher 
packaged device reliability and potentially lower cost because of reduction in 
manufacturing and assembly process steps. 

DETAILED DESCRIPTION OF THE INVENTION 

Figure 7 discloses a high density interconnect land grid array package (HDIP), 
generally at 10. The size and shape of HDIP 10 is merely descriptive for the purposes 
of this application. In practice, HDl land grid array package devices 10 wiil exist in 
various sizes and shapes. 
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HDIP 10 includes a substrate or packaging material 12 having a cavity 14 that 
accommodates semiconductor device 1 6. The surface of semiconductor device 1 6 having 
pads for electrical connection (not shown) and at least one optical receiver and/or 
transmitter, faces away from cavity 14. The pads of semiconductor device 16 are 
connected through a thin film overlay 18 to an array of pads 20 on the bottom surface of 
thin film overlay 18. An optical waveguide 23 in printed wiring board 24 is in mechanical 
and optical alignment with a respective optical receiver/transmitter (not shown) in 
semiconductor device 16. In the embodiment of the invention shown in Figure 7, a solder 
ball 22 is formed on each bond pad 20, resulting in a completed device. Infrared, 
convention or vapor phase refiow is then used melt solder balls 22 sufficient to 
mechanically and electrically connect each pad 20 to a corresponding pad (not shown) 
on printed wiring board (PWB) 24. 

The electrical path through HDI land grid array package device 1 0 begins with the 
signal coming off printed wiring board (PWB) 24, after which the signal travels through 
solder balls 22, through signal pathways in thin film overlay 18 and into semiconductor 
device 1 6. A signal returning to printed wiring board (PWB) 24 propagates through this 
sequence in reverse order. A path through thin film overlay 1 8 is the shortest and fastest 
path possible for a packaged semiconductor device. Moreover, thin film overlay 18 may 
be designed to accommodate special electrical requirements, for example high speed 
transmission lines, by adding electrically protective signals and/or layers in the thin film 
overlay. The primary thermal path for the semiconductor device 16 is to the air which is 
very short because the semiconductor device 16 is attached directly to the substrate or 
packaging material 12. The secondary path is through the thin film overlay 18, through 
the solder balls 22 and into the PWB 24. This thermal path may be enhanced with the 
addition of a heat sink (not shown) to the substrate or packaging material 12. 

The optical path through HDI land grid array package device 10 begins with the 
optical signal coming off optical waveguide 23 which is in the surface of printed wiring 
board 24 or other similar means. Optical waveguide 23 takes a turn to align vertically 
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with the bottom surface of semiconductor device 1 6. No additional optical connection 
means are necessary since optical wave guide faces a receiver/transmitter in 
semiconductor device 16. The optical signal comes off optical waveguide 23, after which 
the optical signal travels through thin film overlay 18 and into semiconductor device 16. 
The light signal (i.e. at 3 Ghz) may be processed at its received speed or ramped down 
to a lower frequency (i.e. to 48 Mhz). 

A method of making HDIP 10 is shown in Rgures 8-22. The method begins with 
the selection of a substrate or packaging material made of ceramic, aluminum nitride, 
molded plastic, compound molded plastic, flex circuit/molded plastic, PWB laminate, 
metal, artificial diamond, a combination of one or more of these materials or other similar 
types of material. The substrate or packaging material must be thin, mechanically stable 
and have high thermal conductivity. The substrate or packaging material may also be 
formed with heat slugs to facilitate heat dissipation. 

Once a substrate or packaging material 12 has been selected, a cavity 14 is 
formed or milled out in material 12, as shown in Figure 8, to a dimension slightly larger 
than the semiconductor device. Next, a semiconductor device 16, having at least one 
optical transmitter and/or receiver, is positioned manually or by machine (i.e. pick and 
place machine) within cavity 14, as shown in Figure 9. Semiconductor device 16 is 
secured within cavity 14 of substrate 12 by adhesive or other similar means. If adhesive 
material is used, the die attach material may have a high or low modulus of elasticity, be 
thermally conductive or non-conductive and electrically conductive or non-conductive 
depending on the die characteristics and system end use application. The adhesive 
material may or may not fill the gap between the edge of the semiconductor device 1 6 
and the cavity 14 depending on the desired separation of the semiconductor device 
material from the substrate material. The surface of semiconductor device 16 opposite 
cavity 14 should contain the bond pads of the die and be flush with the surface of 
substrate 12 having the cavity formed therein to facilitate the formation of a thin film 
overlay (not shown). 
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Next, a layer of dielectric material 24 is formed or deposited over the entire . 
substrate/die subassembly, shown in Figure 10. The dielectric material selection may 
include liquid resin and/or films or combinations of these materials. Polyetherimide (G.E. 
brandname ULTEM) is but one material that may be used as an effective dielectric for 
layer 24. The method of application may also vary from applying and curing a liquid to 
placing down a sheet of film and laminating. The film may be a thermal plastic or thermal 
set material. An optional step at this point would be the formation of a polymer layer 26 
over dielectric layer 24, as shown in Figure 11. Thus, if dielectric layer 24 is a layer of 
polyetherimide, an acceptable material for polymer layer 26 would be a polyimide material 
(DuPont brandname KAPTON). A combination of material 24 and 26 (for example, 
material 24 coated on material 26 film) into one piece of material is an alternative to 
separate sheets of material or liquid resins. 

The next step requires the construction of vias 28 through any layer or layers 
above dielectric layer 24, (e.g. optional polymer layer 26), through dielectric material 24 
and down to the bond pads of semiconductor device 16, as shown in Figure 12. Ablation 
(e.g. with a laser), chemically with a liquid, a gas or a plasma or by other suitable means 
may be used to form vias 28. Next, a metallization layer 30 is deposited or formed on 
top of dielectric layer 24 (on top of polymer layer 26 if optional layer used) and into vias 
28, as shown in Figure 13. If deposition is used, deposition may be performed with 
standard HDI dry deposition techniques or any other material deposition techniques. A 
typical metallization material may be sequential layers of metal such as titanium, copper 
and titanium. Imaging and photolithography processes are then performed on 
metallization layer 30, resulting in metallized pads 32 (only three shown) and metallized 
planes or circuits 34 (optional) (only one shown), as shown in Figure 14. The resulting 
pattern with its varied number and location of metallized pads 32 and metallized planes 
or circuits 34 can be designed to adapt to different semiconductor device and package 
orientation requirements. 

The steps of forming or depositing dielectric layer 24 through the patterning of 
metallization layer 30 may be repeated, beginning with the forming or depositing of a 



Tl- 17462 Page 15 



dielectric layer 36 on top of patterned metallization layer 30, as shown in Figure 15, as 
necessary to build a thin film overlay 18 with the required number of layers. As stated 
previously, the dielectric material selection may include liquid resin and/or films or 
combinations of these materials. The method of application may also vary from 
dispensing and curing a liquid to placing down a sheet of film and laminating. An optional 
step at this point would be the formation of a polymer layer 38 over dielectric layer 36, 
as shown in Figure 16. Thus, if dielectric layer 36 is a layer of partially cured polyimide 
resin, an acceptable material for polymer layer 38 would be a fully cured sheet of 
polyimide material. A combination of material 36 and 38 into one piece of material is an 
alternative to separate sheets of material or liquid resins. 

The next step requires the construction of vias 40 through any layer or layers 
above dielectric layer 36, (e.g. optional polymer layer 38), through dielectric layer 36 and 
down to metallized pads 32 and planes 34 (if any), as shown in Figure 17. Next, a 
metallization layer 42 is deposited or formed on top of dielectric layer 36 (on top of 
polymer layer 38 if optional layer used) and into vias 40, as shown in Figure 18. If 
deposition is used, deposition may be performed with standard dry deposition techniques 
or any other material deposition techniques. Imaging and photolithography processes are 
then performed on metallization layer 42, resulting in metallized pads 44 (only four shown) 
and metallized planes (if any), as shown in Figure 19. The resulting pattern with its 
varied number and location of pads 44 and planes (if any) can be designed to adapt to 
different semiconductor device and package orientation requirements. Figure 19 aiso 
shows thin film overlay generally at 18, which is not to scale. In practice, thin film overlay 
18 will usually be much smaller in height as compared to semiconductor device 16 and 
substrate or packaging material 12. 

The steps beginning with forming or depositing a dielectric layer and ending with 
the patterning of a metallization layer may be repeated as necessary to build a thin film 
overlay 18 with the required number of layers. After the last metallization layer is 
patterned, the metallized pads of the last metallization layer are prepared for an 
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appropriate connection means. The connection means may be soider ball, metai bump 
or polymer connection. If solder balls are too be used, the surface of the metallized pads 
should be plated in preparation for the solder ball attachment. The plating may be 
tin/lead, nickel, gold, other metals or combinations of metals amenable to good electrical 
and mechanical contact. A solder mask 46 (i.e., 1 mil thick epoxy based polymer) may 
also be formed at this time over the top of layer 38 exposing only metallized pads 44, as 
shown in Figure 20. Solder balls 22 are attached to the metallized pads, as shown in 
Figure 21 . 

At this point, as an aid to optical communications, a hole 47 may be formed 
through at least layer 46 with a laser beam or other similar means, directly above an 
optical receiver and/or transmitter on the surface of semiconductor device 16. If 
necessary, the hole may be lengthened through one or more of layers 38, 36, 26 and 24, 
down to the surface of an optical receiver and/or transmitter on the surface of 
semiconductor device 16, as shown in Figure 23. The hole may be left open or back 
billed with a photo optical quality material. 

A side view of a completed high density interconnect land grid array package 
(HD1P) is shown in Figure 23. Note that thin film overlay 18 is small in height as 
compared to substrate or packaging material 12 and to soider balls 22. Figure 24 is the 
device shown in Figure 23 including a positional representation of semiconductor device 
16. 

As an example, if the size of semiconductor device 16 is 12.4 X 12.4 X 0.48 (mm) 
and the device attach means is 0.025 (mm) of adhesive, the cavity in a substrate or 
packaging material of AL203, AL2N3, FR4 or BT resin must have a dimension of 12.5 X 
12.5 X 0.505 (mm). The height between the top surface of the substrate or package 
(outside the cavity) and the bottom surface should be around 1.435 -(mm). A thin film 
overlay having two metal layers would require a first dielectric layer of polyimide material 
35 (urn) in height, a first metal layer of Ti/Cu/Ti 4 (urn) in height, a second dielectric layer 
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of pofyimide 35 (urn) in height a second metal layer of Ti/CuT 4(um) in height and a layer 
of solder mask material 35 (urn) in height. The total height of the thin film overlay would 
be approximately 0.1 10 (mm). A solder bail of 0.6 (mm) diameter attached to a bond pad 
would extend the height between the top surface of the substrate or package (opposite 
the cavity) to the bottom of the solder ball to 2.14 (mm), as shown in Figure 25. Rgure 
25 is an enlarged cross section of the device of Rgure 23 within the circular area defined 
by reference arrows 1-1 and 2-2. 

To facilitate a 225 pinout grid in this example, the substrate or packaging material 
should be about 27.0 X 27.0 (mm), as shown in Rgure 25. A 225 pinout grid in a 15 X 

15 pattern would require an area 21.0 X 21.0 (mm) to accommodate the solder balls at 
a 1 .5 (mm) pitch. Figure 26 shows a bottom view of the device of Rgure 23. Note that 
the solder balls are arraigned in a grid pattern around and immediately beneath 
semiconductor device 16. Positioning signal paths and solder balls beneath 
semiconductor device 16 reduces the surface of the device's foot print to the theoretical 
minimum. And while the device of Figure 26 has 221 (225 - space for 4 optical holes) 
solder bails in a pattern of 1 5 X 1 5, both the pattern array size and solder ball to solder 
ball distance can be reduced or enlarged to meet just about any semiconductor device 
pinout requirements. 

In another embodiment of the invention, the thermal path from semiconductor die 

1 6 to the air is enhanced by the addition of a heat sink 48, as shown in Rgure 27. Heat 
sink 48 is welded, soldered, glued, press fit or attached by any other suitable means onto 
substrate or packaging material 12, depending upon the composition of substrate or 
packaging material 12 and heat sink 48. The size and shape of heat sink 48 may be 
changed as needed to meet specific design heat dissipation and physical space 
specifications. Heat sink 48 may also be used in combination with a substrate or 
packaging material 12 that incorporates one or more heat slugs in the substrate or 
packaging material. 
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j n yet another embodiment of the invention, shown in Rgure 28, substrate or 
packaging material 12 is PWB laminate. Cavity 14 in substrate or packaging material 12 
may be designed to expose a metai base 50 for the semiconductor device attach. The 
metal may be selected to customize the substrate thermal expansion rate and maximize 
the overall package heat dissipation characteristics. Variations of this embodiment of the 
invention includes material 12 to be any type of organic material, inorganic material of 
composites of those materials; metal 18 may be multiple layers of metal, multiple layers 
of metal and non-metal material; cavity 14 may be formed to various depths in the 
substrate material 12 and 18, for example, the cavity may not penetrate down to the 
surface of the metai 18 or it may partially penetrate into the metal 18. 

~&o6 a T\ In still another embodiment of the invention, shown in Figure 29, a second 

semiconductor device 52 is placed within substrate or packaging material 12 and 

0 connected to semiconductor device 16 and bond pads 20 by thin film overlay 18. The 
H additional steps required supplement the methods steps previously discussed for making 

1 an HDIP having a single semiconductor device. An additional step would require the 
3 formation or milling of a second cavity 54 in substrate 12. Semiconductor device 52 
W would be placed in cavity 54 and secured in the same manner as semiconductor device 
Q 16. If semiconductor devices 16 and 52 are not to be interconnected, the method for 
|| forming thin film overlay 18 and any additional steps are the same as previously 
5 discussed, only expanded to include and account for semiconductor device 52. But if 
i4 semiconductor devices 16 and 52 are to be interconnected, an additional step may 

require that thin film overlay 18 be modified to include some metai layer interconnection 
between the two semiconductor devices as well. 

C^>o^cQ a HDIP can also be expanded to include more than two semiconductor devices 

(not shown). The size of the substrate or packaging material can be enlarged as 
necessary to hold the desired number of semiconductor devices. Additional cavities will 
have to be formed or miiled in an enlarged substrate or packaging material for the 
additional semiconductor devices. If the semiconductor devices are not to be 
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interconnected, the method for forming the thin film overlay and any additional steps are 
the same as previously discussed, only expanded to include and -account for the 
additional semiconductor devices. But if some or ail of the semiconductor devices are 
to be interconnected, at least one additional step wiil require that the thin film overlay be 
modified to include some metal layer interconnection between the semiconductor devices. 
Moreover, one or more of the additional semiconductor devices may have optical 
receivers and/or transmitters. 

In still yet another embodiment of the invention, shown in Figure 30, solder bails 
22 on thin film overlay 18 are replaced with an array of metal pads 54 to accommodate 
pressure contact alternatives. An ideal assembly approach for this embodiment of the 
invention would be for the package to "snap-in" against other system hardware, (e.g. a 
printed wiring board) and establish electrical contact through a pressure sensitive media. 
To apply the necessary pressure, either the substrate would be designed with features 
56, shown in Figure 30, that would pressure load the package into the system or the 
system would have the pressure inducing feature (not shown). This "snap-in" feature 
would allow easy system hardware upgrades or a product designed for changing out 
packages for alternative software applications. 

It is also possible for a conductive path 58 to be buiit through substrate or 
packaging material 12 to allow an alternative electrical path off the back side of packaged 
device 10, as shown in Figure 31. Conductive path 58 could be formed by drilling a hole, 
by laser drii! or other suitable means, through substrate or packaging material 12, the hoie 
could then be filled with a conductive metal slug or other conductive material. A 
conductive pad 60, typically metal, is then formed at the end of the metal slug or 
conductive means on the back side of packaged device 10. The resulting device allows 
metal pads on either side of the module to make electrical contact to various types of 
hardware (i.e., a flexible PWB 62, a rigid PWB 64 or a display panel 66) through 
conventional solder, conductive adhesive or some type of Z-axis, electrically conductive 
material 68. 
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Figure 32 shows two interconnected HDI multichip packages. Each of the 
packages has at least one optical receiver an/or transmitter aligned with a respective 
optical transmitter and/or receiver of the opposing package (not shown). The solder bails 
are used as an alignment mechanism. Light signals wiil pass back and forth between the 
two packages. 

In addition to the optical receivers and/or transmitters in the semiconductor device, 
(which may also include detectors and emitters, respectively), diffraction, refraction and 
reflection optical elements may be included within or on top of the thin film overlay to 
direct optical signals to the optical receivers and from the optical transmitters to an 
external optical source. 

Figure 33 shows two HDI multichip packages utilizing optical interconnection 
according to one embodiment of the invention. 

While this invention has been described with reference to illustrative embodiments, 
this description is not to be construed in a limiting sense. Various modifications to the 
illustrative embodiments, as well as other embodiments of the invention will be apparent 
to persons skilled in the art upon reference to this description. It is therefore 
contemplated that the appended claims wiil cover any such modifications or embodiments 
as fail within the true scope of the invention. 

For example, after disclosure of the HD1P optical interconnect package described 
in this document, it will be obvious that variations on packages described in Figures 4 and 
5 are possible to approach the performance of the HDIP package. These variations are 
depicted in Rgures 34 and 35. 

Figure 34, similar to Figure 4, utilizes a PWB as the substrate,- wire bond as the 
die attach technique, then overmolded with a transparent plastic and solder bails are 
attached. The thickness of the overmoiding will be a disadvantage when compared to 
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the HDIP technique and materials. Also, the package in Figure 34 sacrifices a number 
of electrically functional solder bail contacts when assembled in this manner. Thermal 
performance, with the use of heat slugs in the PWB and assembly alignment capability 
will be similar to the HDIP technique. 

Figure 35 utilizes the same material and processes as those described for Figure 
5. The lid over the face of the die will need to be optically transparent to allow for the 
transmission of the optical signal. The disadvantages of this technique will be thermal 
performance due to the thermal path being only through the ceramic instead of through 
the thermal grease described in Figure 5. This design also sacrifices a number of 
electrically functional solder ball contacts when assembled in this manner. 
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